Objective: This study examined whether levothyroxine (L-T 4 ) replacement might affect serum markers of endothelium injury, including von Willebrand factor (vWF), factor VIII activity and thrombomodulin (TM), during normalization of increased intima-media thickness (IMT) in the common carotid artery (CCA) in hypothyroid patients after L-T 4 replacement therapy. Patients and methods: Thirty-three hypothyroid patients were examined for vWF, factor VIII, TM and CCA IMT before and after 1 year of normalization of thyroid function by L-T 4 replacement. CCA IMT was measured from digitized still images taken during scanning by high-resolution ultrasonography as an indicator of early atherosclerosis. Results: Serum factor VIII and vWF increased significantly during 1 year of normalization of thyroid function (from 122.7^9.4 to 151.3^18.8% (P , 0.05) and from 109.9^9.6 to 135.2^12.4% (P , 0.005) respectively), although these values all fell within the respective normal range. Serum TM, in contrast, did not change appreciably in response to L-T 4 treatment, moving from 2.57^0.15 to 2.74^0.18 ng/ml (P ¼ 0.086). During 1 year of a euthyroid state, all patients showed a significant decrease in CCA IMT (P , 0.0001). Change in serum vWF, but not in factor VIII or TM, showed a positive correlation with that of CCA IMT during L-T 4 replacement therapy. Furthermore, the change in serum vWF was significantly and independently associated with change in CCA IMT (r ¼ 0.490, P ¼ 0.0038).
Introduction
Serum levels of vascular injury markers, such as von Willebrand factor (vWF), factor VIII activity and thrombomodulin (TM), are known to increase in the hyperthyroid state (1 -3) . Cardiovascular effects of thyroid hormone, characterized by an increase in cardiac output with a widened pulse pressure, should affect hemodynamic changes in general vessels (4 -6) and induce endothelial injury (7) . In contrast, these endothelial injury markers are reported to be within normal limits in hypothyroid patients (8, 9) , and thus it is yet to be determined with certainty whether endothelial injury occurs in hypothyroidism.
Hypothyroidism, even in the latent form, is associated with increased morbidity from cardiovascular disease (10 -13) and also with increases in arterial compliance and wall thickness in the radial artery (14) . However, since there are few data on common carotid artery intima-media thickness (CCA IMT) in hypothyroidism and CCA IMT but not radial IMT is a significant predictor of cardiovascular events, it is important to know the changes in CCA IMT during the treatment of hypothyroidism and to elucidate factors affecting CCA IMT change. We recently reported that increased CCA IMT in hypothyroid patients is normalized by sustained normalization of thyroid function (15) . A decrease in CCA IMT is associated with a reduction in the number of coronary events (16 -18) , establishing CCA IMT as a valuable indicator of atherosclerosis and thus a good predictor of cardiovascular events (17 -21) .
This background scenario prompted us to examine whether (i) serum levels of vascular injury markers in hypothyroid patients might change after normalization of thyroid function by levothyroxine (L-T 4 ) replacement therapy, and (ii) which is the most important factor among clinical variables including blood pressure, body weight, thyroid hormone and CCA IMT to affect serum levels of these markers in hypothyroid patients during L-T 4 replacement therapy.
Patients and methods

Patients and study design
The study was designed as an open prospective study. Written informed consent was obtained from each patient, and the study was approved by the ethical committee of Osaka City University Hospital. A group of hypothyroid patients (male/female, 5/28) were selected consecutively and studied during the 20-month period. The diagnosis of hypothyroidism was established on the basis of suppression of serum free thyroxine (FT 4 ) and free triiodothyronine (FT 3 ) to below the normal lower limit and elevation of serum thyroid-stimulating hormone (TSH) to above the normal upper limit. L-T 4 therapy was adapted individually to maintain serum FT 4 , FT 3 and TSH values within the respective normal ranges. All patients had measurement of biochemical markers including serum vascular injury markers and CCA IMT before and after at least a year (12-14 months) of normalization of thyroid function. To avoid confounding by other factors known to affect arteriosclerosis, we excluded from the study: (i) patients taking medication known to affect CCA IMT, such as anti-hypertensive agents (22) , lipid-lowering drugs (23), anti-platelet drugs (24) and bisphosphonates, including etidronate (25); and (ii) patients receiving other hormone replacement therapy (26) .
Serum parameters
Blood was drawn just before ultrasonographical study after an overnight fast. As serum markers of endothelial injury, serum levels of coagulation factor VIII, vWF and TM were determined as described previously (1) . Coagulation factor VIII was measured using a chromogenic substrate method for photometric determination of prothrombin time as previously described (27) . vWF was measured as described previously (28, 29) . Serum TM was determined by a one-step sandwich enzyme immunoassay, the reported sensitivity of which is 1 mg/l for soluble TM (30, 31) . Total cholesterol, triglyceride and high-density lipoprotein (HDL)-cholesterol were determined using an autoanalyzer. Low-density lipoprotein (LDL)-cholesterol was calculated according to the formula of Friedewald et al. (32) . FT 4 , FT 3 and TSH were measured using commercially available kits (Ortho-Clinical Diagnostics, Amersham, Bucks, UK) (33) .
Measurement of CCA IMT
CCA IMT was determined in the supine position by high-resolution ultrasonography with a 10 MHz inline sectascanner (SSD 610 CL; Aloka Co., Tokyo, Japan), as previously described (20, 21, 34 -36) . To avoid inter-observer variation, CCA IMT was determined by the same experienced physician (T N), who was unaware of subject characteristics. Briefly, the CCA was scanned at the level of the bifurcation in both sides. Then the right side was used as representative because the coefficient of variation was significantly lower than in the left side (right vs left side: 3.4 vs 4.2%). Using digitized still images of the arteries taken during scanning, IMT was measured in the far wall of the right CCA at sites of the most advanced atherosclerotic lesions, identified as diffuse and continuous projections with the greatest distance between the lumen -intimal interface and the media -adventitial interface but without atherosclerotic plaque, which was defined as localized lesions of thickness $ 2.0 mm (35, 36) . These interfaces were manually traced and the mean value calculated as the mean of at least three still images obtained from the same section of the CCA. Furthermore, to avoid possible variation during 20 months, analyses of the two photos of CCA IMT in all patients before and after L-T 4 treatment were performed on the same day.
Statistical analysis
Data are expressed as means^S.E. unless otherwise indicated. Statistical analysis was performed with the Stat View V system (Abacus Concepts, Berkeley, CA, USA) for the Macintosh computer. The difference in each parameter between before and after treatment was compared using the two-tailed Student's t-test for paired data. Independent association between one dependent and more than two independent variables was assessed by multiple regression analysis. Correlation of each vascular injury marker with other variables was assessed by simple regression analyses. P values of less than 0.05 were considered statistically significant.
Results
Basal levels of serum vascular injury markers in the hypothyroid state before L-T 4 treatment
Clinical characteristics of hypothyroid patients are shown in Table 1 . In the hypothyroid state, mean values of serum vWF, factor VIII and TM in hypothyroid patients were within the respective normal ranges determined by manufacturers (normal range: vWF: 6 -170%, factor VIII: 50 -155%, TM: 1.8 -4.1 ng/ml) ( Table 1) (1) . No correlation was found between the baseline value of each vascular injury marker and any other parameter listed in Table 1 including CCA IMT by simple regression analysis (data not shown). Baseline levels of factor VIII and TM were significantly correlated with that of vWF (factor VIII vs vWF, r ¼ 0.921, P , 0.0001; TM vs vWF, r ¼ 0.291, P ¼ 0.0473). In addition, factor VIII had significant correlation with TM (r ¼ 0.392, P ¼ 0.0064).
Effect of L-T 4 treatment on clinical variables in hypothyroid patients
As shown in Table 1 , L-T 4 treatment restored serum levels of FT 4 , FT 3 and TSH to normal levels and also produced significant decreases in serum total cholesterol (from 234.1^9.4 to 187.0^7.9 mg/dl (P , 0.0005)) and in LDL-cholesterol (from 142.7^9.0 to 107.3^7.5 mg/dl (P , 0.01)). Body weight and body mass index (BMI) were also reduced significantly (from 55.9^1.4 to 53.5^1.8 kg (P , 0.005) and from 22.9^0.5 to 21.9^0.6 kg/m 2 (P , 0.005) respectively). Total cholesterol/HDL cholesterol ratio tended to decrease from 3.94^0.24 to 3.40^0.21 (P ¼ 0.0513). No significant change was observed in systolic and diastolic blood pressure, pulse rate or serum triglyceride.
Effect of L-T 4 treatment on serum vascular injury markers in hypothyroid patients
Serum factor VIII and vWF increased significantly during 1 year of normalization of thyroid function (from 122.7^9.4 to 151.3^18.8% and from 109.9^9.6 to 135.2^12.4% respectively), although mean values all remained within the respective normal ranges (Table 1, Fig. 1 ). Serum TM, in contrast, did not change appreciably in response to L-T 4 treatment, moving from 2.57^0.15 to 2.74^0.18 ng/ml (Table 1, Fig. 1 ).
Effect of L-T 4 treatment on CCA IMT
CCA IMT decreased in all hypothyroid patients during 1 year of normalization of thyroid function (Fig. 1) , with a significant decrease in mean CCA IMT value from 0.639^0.018 to 0.552^0.016 mm ( Table 1) .
Correlation of change in serum vascular injury markers during L-T 4 treatment with baseline characteristics
No correlation was found between the change in each marker and baseline levels of various clinical variables listed in Table 1 , including CCA IMT, and serum TSH, FT 4 , and FT 3 by simple regression analysis (data not shown).
Correlation between changes in each vascular injury marker and CCA IMT By simple regression analysis, vWF was significantly correlated in a positive manner with CCA IMT (r ¼ 0.490, P ¼ 0.0038), while factor VIII (r ¼ 0.284, P ¼ 0.1151) and TM (r ¼ 2 0.013, P ¼ 0.9412) were not (Fig. 2) . The change in neither FT 3 , FT 4 nor TSH Table 2 represents the results of multiple regression analysis of changes in various clinical variables in hypothyroid patients during 1 year of normalization of thyroid function used to evaluate their association with that of vWF. In Model 1, which included changes in BMI, systolic blood pressure, CCA IMT and TSH, only CCA IMT emerged as an independent factor significantly associated with vWF change. In Model 2, which replaced TSH with FT 4 , FT 4 failed to be a significant factor independently associated with vWF change. Models 3 and 4, which included factor VIII and TM respectively in place of TSH, failed to reveal a significant association between these factors and vWF. In Models 5 -7, which included clinical variables of serum lipid profile, changes in total cholesterol, HDL-cholesterol and total cholesterol/HDL-cholesterol ratio during the 1-year period, these failed to emerge as independent determinants of vWF change. Of great interest, each model persistently revealed a significant association of CCA IMT change with vWF change in a positive manner. 
Association of change in vWF during L-T 4 treatment with change in other characteristics
Discussion
In the present study, we demonstrated that vWF and factor VIII, but not TM, increased significantly during 1 year of L-T 4 replacement. Our findings also suggest that the decrease in CCA IMT may contribute to attenuation of an increase in serum vWF during L-T 4 replacement therapy, since the change in CCA IMT during L-T 4 therapy correlated significantly in a positive manner with that of serum vWF and was independently associated with an increase in serum vWF.
We measured serum vWF, factor VIII and TM, which reflect vascular injury at different sites of the endothelium (37, 38) . Serum levels of these markers are reported to be high in hyperthyroid Graves' disease, reaching normal control values upon attainment of euthyroidism (1 -3) . However, there are few studies of the change in these markers in hypothyroid patients during normalization of thyroid function. Each marker was within the respective normal range before L-T 4 replacement therapy (Table 1) and L-T 4 treatment produced significant changes in serum levels of vWF and factor VIII, although mean values nevertheless remained within normal ranges (Fig. 1) . Body weight, BMI and serum levels of total cholesterol, LDL-cholesterol and HDL-cholesterol changed significantly, as reported (39) . CCA IMT, a valuable indicator of early atherosclerosis and thus a good predictor of cardiovascular events (17 -21) , also decreased significantly during 1 year of normalization of thyroid function (Fig. 1) , as we recently reported (15) . Since those patients had had no treatment except L-T 4 which might affect CCA IMT, for example drugs for hyperlipidemia (23), hypertension (22) or osteoporosis (25) , it was suggested that the changes during L-T 4 treatment were the net effect of the direct and indirect actions of L-T 4 on the cardiovascular system. Among serum vascular injury markers, change in vWF during L-T 4 therapy solely correlated with that of CCA IMT. Since the correlation coefficient between two parameters was rather weak (r ¼ 0.49), other variables might potentially be involved in the reduction in CCA IMT and increase in vWF during L-T 4 treatment. Among various clinical variables, we further tried to elucidate the factors independently associated with the significant elevation of vWF during L-T 4 replacement ( Table 2) . As a result, change in CCA IMT emerged as a significant factor. Although serum vWF was still within the normal range during L-T 4 treatment, the increase in serum vWF may represent endothelial injury. And these findings suggest that a decrease in CCA IMT may play a major role in attenuating vascular injury during L-T 4 treatment. No correlation was found between basal vWF and CCA IMT or CCA IMT change. Although its exact mechanisms are unknown, one possibility is that intima-media remodeling may contribute to the synthesis and/or metabolism of vWF in the endothelium. The reason why change in vWF, but not factor VIII or TM, correlated with CCA IMT change is unclear. One possibility is that each marker might represent vascular injury in different locations in the endothelium and in different sizes of vessel (37) . Alternatively, these markers may reflect different responses to vascular injury (38) .
Although hyperlipidemia is attributed to hypothyroidism (11, 39) , no significant association is found between changes in each marker and those of serum lipids during L-T 4 treatment ( Table 2 ). The lack of correlation of changes in TSH, FT 4 and FT 3 with that of vWF suggested that thyroid hormone itself did not regulate serum levels of vWF resulting from endothelial synthesis and/or metabolism of vWF. Changes in CCA IMT also did not correlate serum TSH, FT 4 or FT 3. The main cardiovascular hemodynamic effects of thyroid hormone are explained by multiple mechanisms (4 -6) . In the present study, no association was found between vascular injury markers and hemodynamic factors such as systolic (Table 2) or diastolic blood pressure and pulse (not shown).
In summary, this is the first report demonstrating that normalization of thyroid function for 1 year by L-T 4 replacement significantly increases serum VWF and factor VIII, but not TM, with a decrease in CCA IMT in hypothyroid patients. It was further found that a decrease in CCA IMT after normalization of thyroid function in hypothyroid patients was independently associated with an increase in vWF. It suggests that the improvement of CCA IMT is associated with the suppression of serum vWF during L-T 4 treatment, and thus may reflect the attenuation of vascular injury during the replacement therapy with thyroid hormone.
